Dramatic structural changes in the U.S. pension system, along with the impending wave of retiring baby boomers, have given rise to a broad policy discussion of the adequacy of household retirement wealth. We construct a uniquely comprehensive measure of wealth for households aged 51 and older in 2004 that includes expected wealth from Social Security, defined benefit pensions, life insurance, annuities, welfare payments, and future labor earnings. Abstracting from the uncertainty surrounding asset returns, length of life and medical expenses, we assess the adequacy of wealth using two expected values: an annuitized value of comprehensive wealth and the ratio of comprehensive wealth to the actuarial present value of future poverty lines. We find that most households in these older cohorts can expect to have sufficient total resources to finance adequate consumption throughout retirement, taking as given expected lifetimes and current Social Security benefits. We find a median annuity value of wealth equal to $32,000 per person per year in expected value and a median ratio of comprehensive wealth to poverty-line wealth of 3.56. About 12 percent of households, however, do not have sufficient wealth to finance consumption equal to the poverty line over their expected lifetimes, even after including the value of Social Security and welfare benefits, and an additional 9 percent can expect to be relatively close to the poverty line. *
Introduction
Do households have enough wealth for retirement? The question is of particular interest because the U.S. is in the midst of three transitions that are changing the landscape of retirement savings: the imminent retirement of the baby boomers, increasing uncertainty over the future of Social Security and Medicare, and the replacement of traditional defined benefit (DB) pension plans with defined contribution (DC) plans. 1 A vast empirical literature has studied this question, including papers focused on baby boomers, 2 studies of older cohorts, 3 calculations of expected income-replacement rates, 4 and comparisons of observed savings to thresholds derived from stochastic life-cycle models or other models of savings behavior. 5 As we discuss below, the studies comparing replacement rates tend to find evidence of significant undersaving, while many of the others conclude that retirement wealth is generally adequate and/or that observed saving rates are largely consistent with optimizing behavior.
We contribute to this literature by using recent survey data to create the most comprehensive measure to date of wealth held by older American households. We account for an expansive set of wealth components including the actuarial present values of Social Security, defined benefit plans, annuities, life insurance, SSI, Food Stamps, and other welfare, and, for current workers, future wages and other compensation. These present-value sources of wealth are often excluded from studies of household wealth, even though they are a central component of retirement resources. 6 And indeed, our results confirm that a substantial portion of comprehensive wealth, particularly among the less wealthy, is accounted for by these broader wealth categories-for example, combined Social Security and DB wealth account for about 30 percent of aggregate comprehensive wealth, and about 60 percent among poor households.
We apply to our measure of comprehensive wealth two notions of adequacy during retirement: the annuitized value of comprehensive wealth, and the ratio of comprehensive 1 The popularity of DB plans among employers is currently quite low, with DB plan terminations and freezes a common occurrence over the last several years. Recent legislation tightening the funding rules on DB plans is likely to increase the incentive for employers to move away from DB plans, as are recent and proposed changes to the accounting treatment of corporate DB plans.
2 See CBO (1993); Bernheim (1992) ; Lusardi and Mitchell (2006) ; Wolff (2006) . 3 See Gale and Pence (2006) ; Haveman, Holden, Wolfe, and Sherlund (2006) ; Haveman, Holden, Wolfe, and Romanov (forthcoming); Hurd and Rohwedder (2006) ; Wolff (2002 Wolff ( , 2006 . 4 See Bernheim (1992) ; Munnell and Soto (2005) ; Mitchell and Moore (1998) ; Moore and Mitchell (2000) . 5 See Engen, Gale, and Uccello (1999, 2005) ; Scholz, Seshadri, and Khitatrakun (2006) ; Brady (2006) . 6 Earlier studies have included estimates of DB and Social Security wealth, but not annuities, life insurance, welfare or future wages. See Gustman, Mitchell, Samwick, and Steinmeier (1997) ; Gustman and Steinmeier (1998) ; Haveman, Holden, Wolfe, and Sherlund (2006) ; Haveman, Holden, Wolfe, and Romanov (forthcoming); Wolff (2006 Wolff ( , 2002 . Many of these papers rely on average life expectancies to compute present values, while we utilize a different methodology by incorporating age-and gender-specific year-by-year survival probabilities from Social Security life tables.
wealth to the actuarial present value of poverty lines. The annuitized wealth measure tells us how much consumption individual households can expect to finance per person per year over their remaining lifetimes. Although this is not a direct test of adequacy, it allows us to analyze wealth in terms of expected annual consumption and thus brings us closer to the utility interpretation used in life-cycle models of saving. 7 We also introduce a new measure of adequacy based on the actuarial present value of future poverty lines. This measure, which we call "poverty-line wealth," estimates the level of wealth that would be sufficient to finance consumption equal to the poverty line over the expected remaining lifetimes of the household members. Because poverty lines are designed to reflect the affordability of core expenditures such as food, they embody a concept of absolute adequacy. 8
Our measures are expected values and thus do not account for the effect of uncertainty surrounding asset returns, medical expenses, and length of life. Given these uncertainties, the true adequacy of household wealth will depend on preference parameters (such as risk aversion) as well as total resources. In this paper, we abstract from these risks that are obviously important for understanding the adequacy of total wealth, and simply ask the "first-moment" question of whether households seem to have enough wealth for retirement in expected value.
We find that, by these measures, most older households can expect to have adequate comprehensive wealth throughout retirement, though the households in the bottom 12 percent cannot and the next nine percent are relatively close. 9 Across all households with a member aged 51 or older in 2004, we estimate average comprehensive wealth to be about $900,000, with a median value of about $536,000. We find an average expected annuity value of about $51,000 per person per year and a median expected value of $32,000. Accounting for household economies of scale, which allow couples to consume more per person than singles with the same per-capita income, we find $73,000 of single-equivalent consumption per person at the mean, and $40,000 at the median.
Turning to our second measure of adequacy, we find that household ratios of comprehensive wealth to poverty-line wealth are generally well above one, with a mean of 5.75 and a median of 3.56. However, we find that about 12 percent of households have total 7 We derive two annuity factors for this calculation: one abstracting from household economies of scale and one adjusting for scale economies. Haveman, Holden, Wolfe, and Sherlund (2006) and Haveman, Holden, Wolfe, and Romanov (forthcoming) also report annuitized wealth measures accounting for scale economies.
8 Wolff (2002) , Haveman, Holden, Wolfe, and Sherlund (2006) and Haveman, Holden, Wolfe, and Romanov (forthcoming) compare annuitized retirement wealth to poverty lines at a point in time, but they do not trace the expected evolution of a given household's poverty line over retirement.
9 Our focus in this paper is on Americans aged 51 and older. As DB coverage continues to decline and uncertainty about the future of Social Security grows, younger workers may require additional saving to reach comparable levels of comprehensive retirement wealth. We leave the question of the adequacy of retirement wealth among younger households for future research.
resources that fall below poverty-line wealth, even after accounting for Social Security and welfare payments, and an additional nine percent have ratios between 1.0 and 1.5.
Since, as mentioned above, notions of the adequacy of savings can depend on the risks that households are exposed to in retirement, we make use of several attitudinal variables in the Health and Retirement Study (HRS) to examine how our comprehensive measures of wealth vary with health status and expectations over various post-retirement events (including longevity, inheritances, bequests, and health shocks). We find a positive relationship between health status and wealth, and offer several potential explanations for this result.
We also find that most of the relationships between household expectations and our adequacy measures are broadly consistent with standard interpretations of these expanded life cycle models.
The present value calculations that underlie our measures of comprehensive wealth are naturally sensitive to assumptions about inflation and interest rates. We compute comprehensive wealth and poverty using different plausible values of the real interest rate and inflation and find that, while the values indeed change, our main conclusions are generally robust to these alternative specifications. 10 The rest of the paper proceeds as follows. Section 2 discusses alternative measures of wealth adequacy and then presents our two preferred specifications. Section 3 describes our data sources and our methodology for constructing the components of comprehensive wealth. Section 4 presents our calculations of the components of comprehensive wealth.
Section 5 presents measures of adequacy and their sensitivity to assumptions about interest rates and inflation, and Section 6 concludes. An appendix provides further details on our dataset and methodology and derives our annuity factors.
Measuring the Adequacy of Retirement Wealth
To assess the wealth of retirees, it is necessary to establish a benchmark measure of adequacy.
Unfortunately, no consensus exists as to what measure to use. Previous researchers have examined the adequacy of savings using a variety of methods, including replacement rate concepts and simulated life cycle profiles. 11 We discuss the advantages and disadvantages of some of these approaches below. We then describe our own measures of adequacy, which include the annuitized value of comprehensive wealth and the ratio of total household wealth to the expected present value of future poverty lines.
Previous Notions of Adequacy
A commonly used measure of adequacy is the replacement rate, generally defined as postretirement income relative to pre-retirement income (see Bernheim, 1992; Munnell and Soto, 2005; Mitchell and Moore, 1998) . Using this approach, wealth is said to be adequate if it is sufficient to generate a given replacement rate. An advantage of this approach is that it measures consumption in retirement relative to consumption in working life, so it captures the notion that changes in consumption after retirement are of particular interest.
However, this advantage is also a disadvantage, because a measure of absolute adequacy is also important-for example, a low-income household can have a high replacement rate but still be in poverty throughout retirement.
In addition, the threshold replacement rate against which to measure adequacy is necessarily arbitrary. In the literature, the benchmark has typically ranged from 70 percent to 100 percent, but it has not been explicitly calibrated to standard models of saving. In general, income needs are often presumed to be lower after retirement, due to the absence of payroll taxes and other work-related expenses. But the household's post-retirement consumption problem differs in a much broader sense, due to a significant drop in the price of leisure (which could either increase or decrease consumption), the effect of rapidly declining survival probabilities, and the ability to finance consumption out of savings as well as income. As a result, there is no clear theoretical replacement rate against which to measure the adequacy of wealth, and replacement rates are not really comparable across households: a relatively low replacement rate is not necessarily an indication of inadequate savings, and a relatively high rate does not necessarily indicate adequacy. For these reasons, we develop a measure of "absolute adequacy" against which to measure comprehensive wealth-in our case, based on poverty lines.
In addition to the replacement-rate approach, the literature inlcudes a collection of papers comparing wealth patterns in the data with optimal accumulation patterns from a stochastic life cycle model (see Engen, Gale, and Uccello, 1999, 2005; Scholz, Seshadri, and Khitatrakun, 2006) . The advantage of this method is that it derives from theoretical principles: working households save the amount necessary to provide the maximum level of smoothed consumption over their expected lifetimes. The stochastic model recognizes that each household experiences a unique set of shocks to earnings and expected mortality over the life cycle, and thus low levels of observed wealth may be consistent with optimal behavior once we account for individual realizations of life cycle shocks. These papers find that most households prepare adequately for retirement, with actual saving patterns in the neighborhood of what the life cycle model would predict. For example, Scholz, Seshadri, and Khitatrakun (2006) find that more than 80 percent of the households in the HRS saved more than their optimal life-cycle wealth targets, and that the deficits for most of those saving below the target were small.
Interpreting the results of these models, however, can be tricky. Stochastic life-cycle models generate optimal consumption paths that are conditional on a particular set of assumptions regarding mortality, preferences, and the sources and sizes of random shocks. To take well-known examples, decision rules for consumption are quite sensitive to different values of the coefficient of relative risk aversion, and the presence of bequest motives can substantially alter post-retirement consumption paths. Moreover, the concept of optimality does not fully address the issue of adequacy: it might be optimal for model households who receive bad shocks to arrive at retirement with no resources outside of Social Security, but this wealth could nonetheless be inadequate relative to an absolute criterion such as a poverty line. Because we are interested in the question of adequacy, rather than optimality per se, in this paper we focus on the comparison to absolute measures rather than benchmarking to a life-cycle model. 12
Annuitized Comprehensive Wealth and Poverty-Line Wealth
We develop two measures of adequacy: the annuitized value of comprehensive wealth, which measures the amount of consumption that a household can expect to finance per person per year, and the ratio of comprehensive wealth to the actuarial present value of future poverty lines. The first measure is not a direct test of adequacy, but by focusing on annual consumption it brings us closer to the utility interpretation used in life-cycle models of saving. The second measure estimates the wealth that would be required to to provide income equal to the poverty line over the household's expected remaining lifetime. By using poverty lines, instead of replacement rates or optimal decision rules, we are consciously attempting to shift the focus of the analysis away from optimality and towards an objective measure of adequacy.
A disadvantage of using the poverty line as a measure of adequacy is that the official poverty thresholds in the U.S. are somewhat imperfect and arbitrary. The thresholds are based on a definition of absolute poverty established in 1964, which were computed as a multiple of (e.g., 3 times) the Department of Agriculture's "economy food plan"-the least expensive of several plans that satisfied basic nutritional requirements. Although the thresholds were revised in subsequent years, the core concept of poverty as rooted in the affordability of adequately nutritious food expenditures remains the same. 13 This is, by construction, a limited and arbitrary measure of adequate resources, because it excludes a great deal of information about the changing costs of living, such as housing and medical 12 In work currently underway we use the same data to estimate a stochastic life-cycle model of dissaving in retirement.
13 For more information on the history and definition of poverty thresholds, see Census (2004) .
expenses. 14 Nonetheless, in addition to being a standard measure that is widely used in public policy, the poverty line also provides a generally accepted method for assessing the absolute adequacy of household resources, a notion conceptually distinct from the issue of optimality. Moreover, the official poverty thresholds are adjusted to account for household economies of scale and age, which enables us to incorporate basic life-cycle and demographic effects in our analysis. However, because the poverty line is likely to be a noisy measure of the subsistence level of consumption, we also report statistics on households that are "near poverty," which we define as a ratio of comprehensive wealth to poverty-line wealth of between 1.0 and 1.5.
Data and Methodology
In this section we describe our data and our method for computing household wealth, and develop our measures of wealth adequacy: annuitized comprehensive wealth and poverty line wealth.
Data Source and Construction of Comprehensive Wealth
We use the 2004 wave of the HRS. 15 The HRS is a national panel data set consisting of an initial (1992) sample of 7,600 households aged 51-61, with follow-ups every second year following. In 1998, the HRS was merged with a similar survey covering older households, and younger cohorts were also introduced. The youngest cohort (the "Early Baby Boomers," born 1948 Boomers," born -1953 To compute our measure of comprehensive wealth, we need to aggregate asset types that differ along many dimensions. Some are held as stocks of wealth, such as corporate equities, bonds, bank accounts, retirement accounts, houses and cars. Others consist of flow payments over time, such as wages and other compensation (for current workers) and traditional 14 The multiple of three is meant to capture subsistence-level consumption of all other (non-food) items and was based on an estimate that about a third of low-income households' consumption was on food in the 1960s.
15 Specifically, we use the RAND HRS Data File and the 2004 RAND-Enhanced Fat Files, which are HRS data files that have been compiled and processed by RAND, and are often easier to use than the raw HRS data files. See the appendix for more details on our dataset and imputation methodology.
16 As a check on the validity of our sample, we re-create our measure of comprehensive wealth using the 2004 Survey of Consumer Finances (SCF), which includes the vast majority of the information necessary to create comparable wealth measures. We then compare kernel density estimates of age and comprehensive wealth in the two surveys, where comprehensive wealth is defined analagously for the two surveys. The HRS and the SCF densities are nearly identical for both age and comprehensive wealth, which leads us to conclude that the wealth measures are reasonably similar, and thus our results are not an artifact of mismeasurement in the HRS.
pensions and Social Security (for retirees). Further differences include whether the type of wealth pays off only in expectation (e.g., life insurance), includes protection against inflation (e.g., Social Security), or terminates payments with the death of the primary recipient (e.g., some pensions and annuities). In this discussion that follows, we explain the various adjustments and calculations we use to combine these different categories into a single measure of comprehensive wealth and show how we arrive at our present value measure of poverty. 17 We begin with a fairly straightforward measure of traditional net worth. Net (nonretirement) financial wealth is the sum of stocks, bonds, checking accounts, CDs, Treasury securities, and other assets, 18 less non-vehicle, non-housing debts (such as credit card balances, medical debts, life insurance policy loans, or loans from relatives). Non-financial wealth is the sum of vehicles, business, housing, and investment real estate, less any outstanding debt secured by these assets. To these measures we add retirement accounts such as IRA balances and balances from defined-contribution pension plans from current and previous jobs. The next step is to add the actuarial present values of defined benefit pensions, Social Security, insurance, annuities, welfare, and compensation. The appendix provides the explicit formulas used to calculate the present values, so we will just sketch out the strategy here. For each source of wealth, we project forward income streams based on current or expected receipts of payments. We then discount these streams of payments, taking into account survival probabilities, cost-of-living adjustments (if any), and survivor's benefits.
Our baseline calculations assume a real interest rate of 2.5 percent and an inflation rate of 2 percent. 19 For households containing a worker, an important component of comprehensive wealth is expected future earnings. We account for projected labor income by assuming that wage 17 The appendix provides a detailed description of our methodology as it applies to each source of wealth. Note that our measure of comprehensive wealth essentially treats all assets as perfectly fungible, an assumption which may overstate the value of total wealth for some households (e.g., more liquid assets may make it easier for households to pay for large out-of-pocket medical expenses such as nursing homes). In general, our goal is to measure total wealth, and not necessarily the utility value of that wealth. To get a sense of the welfare implications of different types of wealth, it is important to examine the components of wealth separately.
18 "Other assets" is defined in the HRS to include (among other things) jewelry, money owed to the respondent by others, collections, trusts or estates for which the respondent is a beneficiary, and other annuities not elsewhere mentioned (presumably including variable annuities).
19 A potential concern with our methodology involves our disregard of taxation, which would reduce the consumption value of a given pre-tax annuitized stream of wealth. We abstract from the issue of taxation because it requires a detailed modeling of the actual income paths of each household. For example, withdrawals from DC plans are taxed as ordinary income. Without knowing the time path of DC withdrawals, however, it is not possible to select an appropriate tax schedule for households holding DC assets. Another problem involves assessing the tax liability of wealthier households who typically have more opportunities to shelter assets from the statutory tax burden. In light of these complications, we present our results in pre-tax terms. and salary income grows at a one-percent real rate 20 until retirement at age 62. Thus, to the extent workers experience different wage growth or work more or fewer years, their actual resources in retirement will differ from our projections. 21 To test the sensitivity of our results to this assumption, we repeat the exercise assuming workers retire at each of the ages 60 through 65.
Another form of compensation is employer matches to DC plans. 22 We calculate the current employer match in dollar terms and add it to current wages to calculate total compensation. 23 We then discount the stream of total compensation through age 61 using the real interest rate minus one percent (to account for the assumed real growth) and the relevant conditional survival probabilities.
Annuitized Comprehensive Wealth
We define comprehensive wealth as the sum of net financial and nonfinancial wealth, IRA and DC assets, and the actuarial present values of DB plans, Social Security, life insurance, annuities, welfare, and future wages and DC-plan matches. Our first measure of the adequacy of comprehensive wealth is its annuitized value-a measure of how much consumption each household can expect to finance per person per year over their remaining lifetimes.
We begin by abstracting from household economies of scale. We define household h's annuitized value of wealth as
where CW h is household h's comprehensive wealth and the per-person annuity factor a h is defined as
In equation (2), i is the nominal discount rate (which we set at 4.5 percent in the baseline specification), δ is the discount rate, which is defined as 1/(1 + i), and L a and L b indicate the two spouses' life expectancies (note that it does not matter which spouse is which in this calculation). 24 For example, with a nominal interest rate of 4.5 percent and spousal life expectancies of 5 and 15 years, the resulting annuity factor would be .066. Thus, each member of the household could consume a level 6-1/2 percent of assets each year and expect 20 This is the same assumption as that used in the Social Security Administration's intermediate projection (SSA, 2006a) .
21 Age 62 is the modal age of retirement, with about half of new Social Security retirement claims made at this age. See SSA (2006b).
22 Future employee contributions to DC plans will be made out of labor income, so we do not include them here.
23 By including employer matches with wages, we implicitly assume matches will grow at the same onepercent rate as wages. 24 The derivation of this annuity factor is provided in the Appendix.
to have zero assets upon the death of the surviving spouse. 25
To understand the intuition of the annuity factor, it helps to consider the extreme cases. If each life expectancy is only one year, the per-person annuity factor simplifies to (1 + i)/2-that is, the household can consume everything, including a year's worth of interest, over the next year. Alternatively, as the sum of the life expectancies approaches infinity, the per-person annuity factor approaches i/2-the household can consume interest, but none of the principal. As nominal interest rates rise, the annuity factor increases, since the household can afford to consume more each year. As interest rates fall toward zero, the annuity factor approaches 1/(L a + L b )-households simply spread the principal equally over their remaining years.
There are four things to note about this measure. First, it implicitly assumes zero bequest motives and a willingness to fully consume all forms of wealth, including nonfinancial forms such as housing, businesses, and vehicles. 26 Second, it is calculated as if it were an actuarially fair annuity with no fees, loads, or expense charges. As is well known, the actual market for private annuities is imperfect (e.g., see Mitchell, Poterba, Warshawsky, and Brown, 1999) . However, this reality is immaterial to the purpose of our measure, which is simply to rank households according to a uniform metric. 27 Third, the measure implicitly assumes no precautionary savings behavior. Browning and Lusardi (1996) derive a simple two-period model that shows that the introduction of a precautionary savings motive has similar effects to a lower discount rate-it acts to reduce the annuity value of a given level of wealth. Later in the paper we run sensitivity analyses of our annuity measure using lower discount rates; one interpretation is that these can incorporate a degree of precautionary savings motives.
Finally, the measure does not account for any economies of scale in household consumption. It simply places an expected value on how many dollars are available for consumption per person, per year. Generally, if a household has two surviving members in a given year, it could potentially finance more consumption per person per dollar of resources than could 25 If no spouse is present, we set L b =0, and the expression collapses to
26 There is sometimes a debate among researchers about whether retirees are willing to consume their housing wealth (e.g., see Bernheim, 1992; Mitchell and Moore, 1998) . Financial products that facilitate such consumption, such as reverse mortgages, are growing but are not yet widespread. Retirees can also consume housing by downsizing (i.e., selling their homes and moving to less-expensive quarters or living with relatives). Coronado, Maki, and Weitzer (2006) find that a substantial fraction of older households appear to liquidate some home equity when moving, suggesting that some older households do consume housing wealth in retirement.
27 For example, households could calculate this measure themselves and consume accordingly even in the presence of annuity-market imperfections. Such an approach would be equivalent in expected value to a costless actuarially fair annuity.
a single household, due to economies of scale. To quantify the effects of scale economies, we re-derive the annuity factor assuming couples need only 1.66 times a given singles' annuity in order to finance the same per-person consumption (this figure is used in Haveman, Holden, Wolfe, and Sherlund (2006) .) In this case, the annuity factor for couples becomes
while the factor for singles remains as it was before. Because this adjustment is necessarily arbitrary, we focus mainly on the unadjusted annuity value.
Poverty-Line Wealth
Our second measure of adequacy compares comprehensive wealth to the actuarial present value of future poverty lines. The poverty lines are taken from the U.S. Census Bureau (Census, 2004) and vary with the number of adult members and their ages. For simplicity, we model four possible poverty lines, corresponding to singles aged 65 or older, singles under 65, couples in which at least one member is 65 or older, and couples in which both are under 65. Thus, to calculate the present value of a household's future poverty lines, we take an expectation over future survival states (as functions of their ages) for both spouses.
We begin by defining a function p(a r , a s , t) that maps the ages of the respondent and spouse into a household-specific poverty line. 28 For each household in the HRS, we then compute the following expected present value of the poverty line at time t:
where the three terms in the summation correspond to the events that both members are alive, only the respondent is alive, and only the spouse is alive. The stream of poverty lines is discounted at the real rate, since the thresholds are indexed to inflation. This value is interpreted as the level of wealth that would be required to provide income equal to the poverty line, in expected value, over the remainder of the household's lifetime. 28 We denote single-person households by entering a zero as the relevant age argument.
Composition of Comprehensive Household Wealth

Baseline Results
Applying the methodology outlined above, Table 1 presents estimates of the components of comprehensive wealth for our sample of 12,861 households in which the older member is at least 51 years old. We begin with the actuarial present value of future wages and other compensation (column 1 in the table). About a third of the sample holds this form of wealth, and it accounts for about 15 percent of comprehensive wealth, in the aggregate. 29
Among households with wage wealth, the mean value of about $420,000 accounts for about a third of their comprehensive wealth.
Turning to net financial wealth, we find that the mean value of $135,000 (including zeros) is more than 12 times the median of $10,500, indicating a very highly skewed distribution-and indeed, the Gini index for this measure is 89 percent. 30 The vast majority of households-about 90 percent-have non-zero levels of financial wealth, 31 but in the aggregate, financial wealth accounts for a relatively small portion (15 percent) of comprehensive wealth.
We next consider nonfinancial assets, such as houses, vehicles, businesses and investment real estate, net of outstanding debt. This category represents the largest single component of comprehensive wealth. Again, about 90 percent of households hold this type of wealth, but the mean and median values (including zeros) of $246,000 and $100,000, respectively, are much higher than for financial wealth.
IRAs and 401(k) plans, shown in the third column, are still relatively new, and thus not universally represented in our sample of households older than 50. 32 About half of our sample households report IRA or DC balances. The accounts are, on average, relatively small in dollar terms, with a mean of $174,000 and a median of $60,000 among households who own them. The relatively small size of these accounts is sometimes cited as evidence of inadequate retirement savings. Our exercise is to determine the adequacy of savings after accounting for all forms of wealth.
About 38 percent of households over age 50 hold DB pension wealth, a share which is falling over time as DB plans are replaced by DCs. Nonetheless, for the cohorts under 29 The shares are computed as the aggregate value of each component divided by aggregate comprehensive wealth, rather than as the average ratio across households in the group.
30 Because some households hold negative values of various wealth components, the Gini results should be interpreted with caution. Negative values, however, are confined to the extreme left tail of the distribution, to which the Gini indexes are relatively insensitive.
31 About 15 percent of households have negative net financial wealth. About 38 percent of households-a similar share to DBs-hold wealth in the form of annuity contracts and life insurance, but the mean expected present value is much smaller than it is for DB wealth. A relatively small share of households-about 13 percent-hold expected wealth in the form of future veterans' benefits and welfare payments. The mean value among holders is about $107,000, or 4 percent of comprehensive wealth, on average.
Overall, we find the mean value of comprehensive wealth to be a relatively robust $900,000, with a median of about $537,000.
The bottom row of the top panel shows the cumulative effect on the distribution of wealth from adding each additional component of wealth. Nonfinancial assets (column 3) are less skewed than financial assets (column 2), and including them lowers the Gini coefficient from 77 to 67 percent. Adding DCs and IRAs (column 4) leaves the Gini unchanged, while including the present value of DB wealth (column 5) lowers it a few points to 64 percent.
Adding Social Security wealth (column 6) has a more dramatic impact, reducing the Gini to 57 percent. Finally, the inclusion of veterans' benefits and welfare (column 8) reduces the Gini coefficient to its "comprehensive" value of 56 percent.
Comparison to Previous Studies
These results are similar to previous studies that have estimated expanded concepts of household wealth. 34 For example, using the 2001 SCF, Wolff (2006) finds about a third of households have DB wealth and half have DC wealth, very close to our figures. He also finds that traditional net worth (excluding DC accounts) accounts for about 55 percent of "augmented wealth." Summing our columns (1) and (2), our analogous figure would be 42 percent, but we include forms of wealth in the denominator (such as expected wages, annuities and welfare) that Wolff does not. Similarly, Gustman and Steinmeier (1998) found that pension wealth accounted for about a quarter of total wealth in 1992, while Social Security accounted for another quarter of wealth. Combining DC and DB wealth, we find about 22 percent of comprehensive wealth is accounted for by pensions and 18 percent by Social Security, though again we include additional sources in the denominator that result in lower shares.
33 Households with zero Social Security wealth are typically made up of lifelong government employees (who were not included in the Social Security system) or those who never worked.
34 See Wolff (1992 Wolff ( , 2006 ; McGarry and Davenport (1997) ; Kennickell and Sunden (1997) ; Gustman, Mitchell, Samwick, and Steinmeier (1997) ; Gustman and Steinmeier (1998) .
We find significantly more pension wealth than Wolff (2006) , with mean values of $87,200
for DC wealth and $103,400 for DB wealth, compared to Wolff's estimates of $54,000 in DC wealth and $41,000 in DB wealth. Part of the difference is likely to due to sample differences (in particular, households of different ages and at different points in time), but, particularly with respect to the calculation of DB wealth, part is likely due to methodological differences. 35
Age Profiles of Wealth Categories
We next examine how the components of comprehensive wealth vary by age. As shown in Table 2 , we divide our sample into three age groups, which we refer to as "pre-retirees" (ages 51-61; this group includes the leading edge of the baby boomers), "young retirees"
(ages 62-75) and "older retirees" (ages 76 and above). Comparing the aggregate measure in the right column for each age group, we see that mean comprehensive wealth falls with each step from the youngest to the oldest cohort. Young retirees (the middle cohort) have 11 percent less than pre-retirees, and older retirees have 41 percent less wealth than young retirees. The interpretation of this decline, however, is complicated by the fact that our single cross section of households makes it impossible to disentangle age and cohort effects.
On the one hand, the decline in wealth appears to be consistent with a life-cycle framework in which retirees dissave to finance retirement consumption. But the change in wealth could also be due to lifetime differences in wealth accumulation across cohorts. In work currently underway, we are using previous waves from the HRS to examine how comprehensive wealth has changed over time for given cohorts.
Regardless of the age or cohort interpretation, the decline in wealth from the youngest to the middle cohort appears to stem largely from differences in the expected value of future wages. As we discuss below in more detail, the values of most of the other wealth categories are actually higher for the middle cohort (consisting of young retirees). The most extreme example of this is financial wealth, which almost doubles from the youngest to the middle cohort. Financial wealth drops from the middle to oldest cohort, but even the oldest retirees have far more financial assets than the cohort on the brink of retirement. This is consistent with the life-cycle view that earnings and savings peak around age 51-61, and thus that a large part of asset accumulation occurs during these years. One interpretation is that baby boomers appear to have the resources (including future wages) to finance adequate consumption in retirement, though of course their actual post-retirement consumption paths will depend on their current consumption and savings decisions, as well as asset returns, wage realizations, and retirement choices.
Given the economic importance of the transition from DB to DC plans, we examine whether the transition can be observed at the cross-sectional level. Table 2 shows that mean DC and IRA wealth is essentially flat between the youngest two cohorts, but falls to less than a quarter of that level in the oldest cohort. The sharp decline between the last two age groups reflects reinforcing life-cycle effects and cohort effects. Given their advanced stage in the life cycle, older retirees have probably withdrawn a larger share of assets from DCs and IRAs. And because DCs and IRAs have only been available for approximately 30 years, older retirees have also had less opportunity to contribute to the accounts.
In contrast to the pattern for DCs and IRAs, DB wealth rises about 14 percent from the youngest to the middle cohort, then falls by more than half in the oldest cohort. We can again interpret this in terms of cohort and life-cycle effects. As we discussed above, older households are more likely to be covered by DB plans, so the cohort effect has DB wealth rising with age. The life-cycle effect is nonlinear: the present value of benefits increases rapidly late in working life, but then falls after retirement as life expectancy decreases.
Thus for pre-retirees, the cohort and life-cycle effects move in tandem, as seen by the increase in DB wealth between the youngest and middle cohorts. Later in life, however, the life-cycle and cohort effects work in opposite directions: the life-cycle effect calls for lower DB wealth as households age, while the cohort effect offsets this with a tendency toward greater DB wealth among older households, all else equal. We find that the life-cycle effect dominates-there is less DB wealth in the oldest cohort. These patterns are illustrated in the top left panel of Figure 1 , which plots the predicted values of a regression of DB wealth on a quartic in age. The figure shows that mean DB wealth nearly triples from $51,000 at age 51 to $148,000 at 62, then gradually declines with age.
Looking at the evolution of wealth shares with age, Table 2 shows that the share from financial wealth rises steadily, as the shares from Social Security and DC fall. 36 These patterns can also be seen in the top right panel of Figure 1 , which plots the predicted values of separate regressions of each wealth component on a quartic in age. Financial wealth, the red line, declines only modestly with age, while nonfinancial wealth, Social Security, DB and DC all decline quite steeply. The actuarial present values (e.g., DB and Social Security wealth) decrease mechanically as life expectancies shorten in older age. The bottom left panel of Figure 1 shows that mean comprehensive wealth falls from about $1.1 million at age 51 to $360,000 by age 90. The annuitized value of wealth, however, does not necessarily decline with age, as discussed below. We use Social Security benefits, which are based on average lifetime earnings, to classify households into low, medium, and high lifetime earnings categories. We begin with annuity values that do not account for household scale economies, as shown in the left-hand panel of Table 3 . The figures shown in the first row suggest most households in our sample appear to have sufficient wealth to finance adequate consumption in retirement, in expected value.
The overall median annuity value of wealth is about $32,000 per person per year in expected value, and the mean is about $51,000. 37 Not all households, however, are as well situated.
Households at the 10th percentile can finance just under $9,000 of consumption per expected person-year, which is unlikely to be enough to keep the household out of poverty throughout retirement. 38 Even on a per-person basis, couples have significantly larger annuity values than singles, with a median of $36,000 versus $26,000 for singles. The means, however, are much closer.
The right-hand panel of Table 3 shows that, accounting for household economies of scale in consumption, we find a median value of $40,000 of per-person single-equivalent consumption, and a mean of $73,000. Relative to the benchmark case without scale economies, these levels are 26 percent higher at the median and 42 percent at the mean. The effect of accounting for scale economies increases with age and with lifetime earnings. These results help quantify the significant effect of household economies of scale in consumption on the well-being of couples in retirement. However, because the adjustment factor is somewaht arbitrary, we report unadjusted annuity figures throughout the remainder of the paper.
Not surprisingly, Table 3 shows a strong gradient by lifetime earnings, with the median increasing from $17,000 among the low-earning group to $28,000 for the middle group and $47,000 for the high-earning group. This is the pattern we would expect, since households with greater lifetime earnings are able to save more in order to finance greater consumption in retirement. Across ages, the median annuity values of comprehensive wealth are relatively 37 Thus, a couple at the median has sufficient comprehensive wealth to finance $64,000 of consumption per year while both are alive, and $32,000 per year after one dies. Recall that since the measure of wealth is comprehensive, the consumption to be financed with it is also comprehensive-e.g., it includes housing, vehicles and out-of-pocket medical expenditures. It does not include insured medical expenses, since we do not include the value of health insurance in comprehensive wealth.
38 The 2004 poverty lines are $9,827 for a single under 65, $9,060 for a single 65 or over, $12,649 for a couple both under 65, and $11,418 for a couple of which at least one is 65 or over. Whether a household at the 10th percentile escapes poverty in a given year depends on the number of people and their ages, but even if they do, the household may not escape poverty throughout retirement, since the poverty line rises with CPI and the annuity value is fixed by construction. The poverty ratio reported in the next section provides a more formal test of the adequacy of comprehensive wealth relative to poverty. constant, with a slight uptick at older ages. These patterns are shown in more detail in the bottom right panel of Figure 1 , which plots the predicted values of regressions on a cubic in age.
A flat age profile of annuitized wealth is what would be predicted by the standard lifecycle model without bequests, in which assets are consumed at exactly the rate required to avoid surpluses or deficits at the end of the expected lifetime. Note that the profiles shown in Figure 1 conflate life-cycle effects, cohort effects, and survivorship effects (i.e., the fact that wealthier households are more likely to live to old ages). Nevertheless, abstracting from cohort and survivorship effects and treating the profile as a true life-cycle effect, we find that the median household is consuming assets at approximately the rate suggested by the life-cycle model. At the mean, there is a positive gradient with age, and at the 90th percentile, we observe a strong peak at about 62, followed by a dip in the mid-80s, followed by another increase at the oldest ages (which could be due to survivorship bias).
There could be three explanations for the positive slope at the mean. First, there could be cohort effects reflecting less saving among the upper quantiles of younger cohorts, relative to the older cohorts. For example, looking at the 90th percentile of annuity values, we see that the first two cohorts are fairly close, at about $85,000 and $95,000, but the third is significantly higher, at $133,000. This could indicate that the upper quantiles of the oldest cohort simply saved more over their lifetime because of relatively high risk aversion or other reasons. Second, there could be survivorship bias: the upper quantiles of the oldest cohort are higher not because they saved more, but because we lack data on the lower-wealth households that died before reaching these ages.
Finally, a third explanation is that the age gradient is neither a cohort effect nor a selection effect, but a true age effect (i.e., the pattern is what would be observed following the average household over time). Under this explanation, the upper-quantile households are under-consuming relative to the Social Security life tables and relative to the standard life cycle model without bequest motives. Recall that the Social Security life tables do not differentiate based on wealth. Thus if higher-wealth households expect to live longer than the life tables imply, they would optimally consume less than the annuity values shown in Table 3 . Similarly, if households had bequest motives or precautionary savings motives (e.g., with respect to the risk of large out-of-pocket medical expenses), they would optimally consume less. In either case, consuming less than the annuity value would result in asset growth over time, and thus higher annuity values for older households. Later in the paper we explore some of these possibilities by looking at how the results depend on expectations regarding longevity, medical expenditures, and potential bequests.
Ratio of Comprehensive Wealth to Poverty-Line Wealth
Next, we formalize the comparison of wealth to poverty by computing the ratio of comprehensive wealth to the actuarial present value of future poverty lines, which we call "poverty-line wealth." Poverty-line wealth varies across households because of differences in household-specific poverty lines, which are functions of the ages and survival probabilities of the household members. Poverty-line wealth can be interpreted as the level of wealth that would be sufficient to finance consumption equal the expected poverty line over the expected remaining lifetimes of the household members. 39 Table 4 shows that overall, households hold comprehensive wealth that is several multiples of their poverty-line wealth. The mean ratio is 5.75, and the median is 3.56. The ratios are strongly related to lifetime earnings, but even the lowest earnings group has a median ratio of 1.77. Not all households, however, exceed their poverty-line wealth thresholds. The ratio at the 10th percentile is 0.92, and among the lowest earnings group, the ratio at the 10th percentile is 0.75. The poverty ratios rise slightly with age at the median and relatively steeply at the mean. Table 5 presents the distribution of poverty ratios in more detail. About 12 percent of households have poverty ratios below one, and another nine percent have a ratio less than 1.5, which we refer to as "near poverty." 40 Not surprisingly, there is a close correlation between lifetime earnings and the share of households below or near the poverty line. Close to a third of our sample of households with low lifetime earnings has a ratio of poverty to wealth less than 1.0, and almost 45 percent of this group have a ratio less than 1.5. These shares drop rapidly, however, as we move up the lifetime earnings categories. For instance, only 4 percent of households with middle lifetime earnings have wealth below poverty, with 13 percent near poverty. In the highest-earnings group, there are almost no households at or near poverty. The majority of the highest-earnings households, more than 80 percent, have wealth levels at least three times poverty. Households in the youngest cohort are a bit more likely to be in poverty, a pattern that is consistent with the small positive relationship between age and our wealth measures at the 10th percentile.
39 Note that given uncertainty over medical expenses and length of life, poverty-line wealth does not guarantee income equal to the poverty line throughout retirement, but only provides it in expected value.
40 Recall that our measure of comprehensive wealth includes expected Social Security and welfare benefits; thus, we find that these transfer programs do not guarantee consumption above the poverty line in expected value. Our finding of 12 percent below poverty-line wealth is quite close to the official old-age poverty rate of 10 percent in 2004 (Census, 2005) .
Sensitivity Analysis
Comprehensive Wealth
To explore the sensitivity of our results to the discount-rate assumptions, we recompute the present values with alternative assumptions about real discount rates and inflation.
Benefits that are indexed for inflation, such as Social Security and some DB plans, are affected only by changes in the real discount rate, while the other benefits are also affected by changes in inflation. The results, presented in the upper rows of Table 6 , show that the effect of alternative assumptions is important for the individual present value calculations, but smaller for the overall comprehensive wealth measure.
For example, lowering the real discount rate from 2.5 percent to 1 percent increases the mean present value of expected Social Security benefits by about $37,000, or 24 percent, while increasing it to 4 percent lowers the mean by about $27,000, or 17 percent. Similarly, lowering the nominal discount rate from 4.5 percent to 2 percent increases the mean present value of expected DB payments by about $27,000, or 26 percent, while increasing the nominal rate to 7 percent reduces the mean by about about $18,000, or 18 percent. The sensitivity of DB wealth to inflation is limited by the relatively high share (about 40 percent) of DB recipients who report inflation-indexed benefits (most often public-sector workers).
The resulting percentage changes in comprehensive wealth, however, are only about half as big, since the present value calculations account for just under half of comprehensive wealth. Table 6 also shows how the annuity value calculation changes under different assumptions about real interest rates and inflation. 41 The different assumptions change the annuity values by about 5 to 10 percent, but this is not enough to affect any of the major patterns or conclusions. Table 7 provides annuity values for less comprehensive measures of wealth. Since there is some disagreement among researchers about whether housing wealth should be included (see Bernheim, 1992; Mitchell and Moore, 1998) , we provide an alternative calculation that 41 Examining the sensitivity of interest rates and inflation raises the question of whether we should really be applying the same rate of return to all of our assets. One concern in particular is that younger cohorts might, for a variety of reasons involving risk preference and access to tax-favored retirement accounts, hold a greater portion of retirement assets in equities. If this is true, and if these households expect their portfolios to grow at higher rates than those of older cohorts, then one might argue that the expected present values should take those higher growth rates into account. Here, we appeal to an equity premium argument. On a risk-adjusted basis, all assets should grow at the same rate after taking into account differences in other characteristics such as liquidity and fungibility. Since we know little about the preferences of households in the HRS, it is difficult to say whether portfolios with more equities make households better off in expected utility terms. excludes nonfinancial wealth. Removing housing and other nonfinancial assets takes about $9,000, or nearly a third, off of the median annuity value of wealth, and $15,000 off of the mean. This adjustment has a larger effect on the annuity values of older households, for whom nonfinancial assets make up a larger share of wealth.
Annuity Values
Excluding housing flattens out the age-path of mean annuitized wealth somewhat. Ignoring cohort effects and survivorship bias and treating this pattern as a pure age pattern, this flattening suggests that annuitized wealth excluding housing provides a consumption path that is closer to the flat path predicted by the life-cycle model. Thus, interpreted in the context of the standard life-cycle model, this pattern suggests that the average household appears reluctant to tap equity from its house, intends to leave its house as a bequest, or both.
At the median, removing housing results in a declining age-path of annuitized wealth.
Applying the same life-cycle interpretation suggests that for the median household, including housing in wealth provides a consumption path closer to the life-cycle prediction. The implication is that the typical household cannot anticipate bequeathing the full value of its house unless it plans on curtailing consumption expenditures during its remaining years of life. Thus, in the context of the standard life-cycle model, one interpretation of this pattern is that wealthier households intend to leave their houses for their heirs, while the median household intends to consume, rather than bequeath, its nonfinancial wealth. Table 7 also presents calculations of annuitized wealth excluding both housing and all the present-value calculations. This narrow measure of wealth, which consists only of financial wealth and retirement accounts, is sometimes used to gauge savings adequacy. Table 7 shows that, by this measure, savings is clearly inadequate, with a median annuity value of only $2,300 per person per year. It is doubtful, however, whether households really intend to finance retirement consumption out of financial assets alone. Indeed, because the annuity values of financial wealth rise steeply with age, households would be underconsuming if they were relying solely on financial assets. Thus, in the context of the life-cycle model, it appears that many households are relying on broader sources of wealth (such as pensions, Social Security and housing) to finance retirement consumption. Table 6 also compares the average poverty ratios calculated with our baseline assumptions (2.5% real interest rate and 2% inflation) with four alternative assumptions that allow for higher and lower values of inflation and interest rates. For a given real interest rate, increasing the inflation rate from 1 percent to 3 percent decreases the poverty ratios by a fairly small amount-about 3 percent. The ratio falls because some of the wealth components in the numerator of the ratio are not indexed to inflation, while the poverty lines in the denominator are fully indexed.
Poverty Ratios
While inflation has only a minor effect on the ratios, the real interest rate plays a larger role. Holding inflation constant, increasing the real interest rate from 1 percent to 4 percent increases the poverty ratios by about 15 percent. The intuition for the relatively large magnitude is that while the numerator contains some non-present-value components (e.g., financial wealth, retirement accounts, and housing), the denominator consists entirely of the discounted streams of future poverty lines, which are quite sensitive to changes in the discount rate. An increase in the real interest rate therefore decreases the present value in the denominator by more than it decreases the values in the numerator, causing a substantial increase in the size of the ratio.
Finally, Table 6 reports the sensitivity to discounting assumptions of the share of households below poverty. Because the poverty line and many components of wealth are unaffected by inflation, the distribution of poverty ratios is relatively insensitive to the level of inflation. The level of real interest rates, however, has a modest impact on the distribution, with fewer households estimated to fall below the poverty threshold when real rates are higher. Since both the numerator and denominator of the poverty ratio are affected by real rates, this result shows that the effect on the denominator (i.e., a lower present value of future poverty lines when real rates are higher) outweighs the effect on the numerator (i.e., a lower present value of future wages, pensions, Social Security, life insurance and welfare). Table 8 repeats the exercise of analyzing the effect on the results of using narrower measures of wealth. Excluding nonfinancial assets lowers the poverty ratio by 1.25 times poverty wealth at the median, and nearly two times poverty at the mean. 42 Further excluding all the present value calculations drops wealth well below the poverty threshold at the median, with a ratio of just 0.26. The mean ratio for this narrow measure of poverty is 1.63. Table 9 shows the effects of assuming alternative retirement ages (for current workers) to the age 62 used in our baseline case. As shown in the table, workers can increase their retirement assets by delaying retirement. For example, delaying retirement from age 62 to age 65 increases median comprehensive wealth by about $30,500, which increases the median annuity value of wealth by about $2,000 per person per year, or 5-1/2 percent. Under the age-65 assumption, the share of households with less than poverty wealth falls from 11.7 percent to 10.9 percent. These figures illustrate that the results do change with alternative assumptions on the retirement age, but overall the changes are relatively modest.
Alternative Retirement Ages
Effect of an Unexpected Social Security Benefit Cut
Given the uncertain future of Social Security and the important role it plays for many older households, a question of interest is what would be the effect of a cut in Social Security benefits. Since we are not modeling savings decisions in this paper, we will restrict our simulation to unexpected benefit cuts (i.e., we ignore savings responses). In our final sensitivity analysis, we simulate an across-the-board reduction of 25 percent in the present value of benefits among all households in the sample (i.e., including current retirees).
The results are shown in Table 10 . The effect of an across-the-board cut on the median household would be to reduce the annuitized value of wealth by about $2,500, or 8 percent.
The ratio of wealth to poverty would fall from 3.56 to 3.29, and the share of households under the poverty threshold would go up by about three percentage points. By age, the largest effect is on the middle cohort, and by lifetime earnings, the biggest impact is on those with medium earnings (in part because some of the lowest-earning households have no Social Security benefits at all). For the middle-earning group, the benefit cut reduces annuitized wealth by about 9 percent, and increases the share below poverty from 4 percent to 10 percent.
Wealth by Poverty Class
Next we explore how sources of wealth differ between poor and non-poor households. Table   11 breaks down the components of wealth for households classified by poverty ratio. Clearly, poverty households-those with wealth-to-poverty ratios less than one-have fewer of all assets (except, in some cases, veterans and welfare benefits). In addition to having negative mean financial assets, they are also less likely to own houses, retirement accounts, DB plans, or life insurance. Overall, the mean comprehensive wealth of poverty households is about $72,000, less than half of that of those near poverty (defined as those with ratios between 1.0 and 1.5), and only about 5 percent of that held by households with ratios of at least 3.0. Wealth shares clearly differ by poverty status, as well. A feature that stands out is the diminishing importance of Social Security for wealthier households. With each higher poverty classification, the share of Social Security declines markedly, from over half among poverty households to about 15 percent in the top group. Another noteworthy trend is that the share due to DB and DC pension assets increases with wealth. While these savings vehicles constitute only a tiny fraction of resources among poverty households, they account for over a fifth of total wealth in the top group. The mean annuity value of wealth for poverty households is about $6,200 per person per year, compared to over $78,900 per person per year for the top wealth group. 43 43 Recall that these figures would change if differential mortality rates were taken into account. In particular, the annuity value of a given amount of wealth would rise for the poorest households (who face shorter The lower panel of Table 11 shows that poverty households are more likely to be younger, and are dramatically more likely to come from a lifetime of low earnings. Indeed, 86 percent of poverty households have had low lifetime earnings, suggesting that low human capital or significant negative shocks early in life, such as a disabling illness or injury, are the root causes of their poverty in retirement.
Regression Results
With only a cross-section, it is difficult to identify the importance of factors such as health uncertainty and bequests for the adequacy of savings, since we cannot separate age and cohort effects. Nevertheless, it is informative to examine cross-sectional regression results.
Tables 12 and 13 display the coefficient estimates of OLS regressions of annuitized wealth and the poverty ratio on a set of household characteristics. Both sets of results generally move in the same direction, so we will focus on the results pertaining to poverty ratios.
As we would expect from the results in our previous tables, the age of the oldest household member is positively correlated with the mean amount of wealth relative to poverty.
The coefficient estimates for our four age groups (61-70, 71-80, 81-90, and 91+) are 0.96, 1.77, 2.69, and 5.23, with the last three significant at the 1% level. The tendency for wealth to rise with age raises the possibility that some households are under-consuming out of their total wealth. As noted earlier, of course, there are other interpretations. One possibility is that the cross-sectional regression is picking up cohort differences in saving parameters such as the coefficient of relative risk aversion and the discount rate. For example, one could point to the Depression generation's historically reinforced fear of losing wealth in the event of an economic crisis as an explanation for their higher-than-average poverty ratios. In contrast, the baby boomers, who have experienced comparatively benign economic events, might be less risk averse and more sanguine about the future. Similarly, younger cohorts may be more willing to conusme out of housing wealth, via downsizing or reverse mortgages.
A second explanation of the rising wealth-to-poverty ratios could be differences in the demographic changes experiences by different cohorts (Gale and Pence, 2006) . For instance, older cohorts may have experienced higher-than-expected lifetime earnings relative to younger cohorts and saved more accordingly. Finally, there is the possibility of survivorship bias: if wealthier households are likely to live longer, they may be over-represented in our sample of the oldest households.
The HRS includes some questions that allow us to address the importance of expectations over life cycle variables such as mortality, health status, and bequests. Table 13 reports coefficient estimates for different expectations of health and inheritance. The first question asks about the probability of living about 10 more years. The coefficient estimate life expectancies) and fall for the wealthiest households.
for respondents reporting probabilities lower than those in the Social Security life tables is -0.354, while the estimate for respondents reporting higher probabilities is 0.257. Neither is statistically significant at the 10% level, perhaps reflecting the imprecision with which these expectations are measured by this question. Nonetheless, the sign of the result is consistent with both differential mortality (i.e., lower-wealth households correctly expect to die sooner) and the life cycle model (i.e., households that expect to die earlier will tend to draw down their assets more rapidly).
Most of the other variables in Table 13 generate predictions consistent with the life cycle model. Controlling for other factors, the poverty ratios of households strongly expecting to leave large bequests (greater than $100,000) are higher by about 5.361. In contrast, households that expect to receive inheritances tend to have lower poverty ratios, but the relationship is not statistically significant. Households that anticipate having to work past the age of 65 have lower wealth than those that expect to retire by that age, consistent with the idea that households expect to consume less leisure if they arrive at retirement age with fewer resources.
The relationship between a household's expectations about entering a nursing home and its level of wealth is somewhat nonlinear. Households that expect to move into a nursing home with a "medium" probability (defined as between 20% and 80%) appear to have more wealth than those whose with a low probability, a pattern consistent with precautionary saving. However, households with a high probability of entering a nursing home have less wealth. One explanation is that households often face an incentive to run down assets if they anticipate entering a nursing home (Kotlikoff, 1988) ; another is that rising medical expenses have already weakened their household balance sheet.
The Effect of Health Status
The optimality of saving decisions can depend crucially on individuals' uncertainty about, and experience of, shocks to health status and medical expenses (Palumbo, 1999; French and Jones, 2004a; French, 2005) . It is not immediately clear, however, exactly how the presence of health uncertainty should affect the adequacy of savings. On one hand, households facing either greater health uncertainty or higher predicted medical expenses should accumulate a larger buffer-stock of savings to self-insure against these expected costs. But on the other hand, realizations of medical expense shocks can reduce the existing balance sheets of households. Even households that predicted high future medical expenses would be likely to experience a substantial drop in wealth when these predictions are realized. The limitations of cross-sectional data prevent us from understanding the evolution of savings in the face of health uncertainty, but we can discuss correlations of wealth with various measures of health status and medical costs. The HRS includes questions about individuals' self-reported health status. The omitted category in the regression is "excellent/very good." The coefficient estimates decline from -0.535 for "good" health to -1.232 for "fair/poor" health. A similar relationship emerges when we examine other health measures, such as the number of diagnosed conditions or body mass index. At first glance, out-of-pocket medical expenses appears to deviate from this pattern, with larger expenses corresponding to higher levels of wealth adequacy. But this result is probably just picking up the fact that wealthier households can afford larger out-of-pocket expenses such as private nursing homes.
A number of interpretations are consistent with the positive relationship between health status and wealth. First, because current health depends on past health (French and Jones, 2004b) , and health is an important determinant of labor earnings, we can expect that many individuals in poor health also experienced relatively low lifetime earnings. Second, to the extent that adverse health outcomes increase out-of-pocket medical expenses, some of the households in poor health may have exhausted a large portion of savings on health expenditures. Third, if health status depends positively on lifetime earnings, as would be the case if preventative and ameliorative health expenses are normal goods, lower lifetime earnings would be associated with worse average health outcomes. Finally, because health status is correlated with expected mortality, the life cycle model predicts that, other factors held constant, households in poor health should dissave more rapidly since they face a shorter decision horizon.
Another way to characterize the relationship between household characteristics and wealth adequacy is to consider the probability of having wealth below poverty. Table   14 displays the coefficient estimates for a linear probability model of a poverty indicator on household characteristics. As in our other regressions, age and lifetime earnings are positively and significantly correlated with our measure of wealth. Households aged 71-80, for instance, are 8 percentage points less likely to be in poverty than those aged 51-60.
Health status continues to be an important indicator of poverty. Households who report being in fair to poor health are about 3 percentage points more likely to have wealth below poverty than households who report being in good health.
The composition of assets is strongly related to the probability of being poor. According to the results in Table 14 , households who own non-financial assets are almost 30 percentage points less likely to have wealth less than poverty than those without non-financial assets.
This accords with our intuition that households without houses or cars are much more likely to be poor. Ownership of retirement assets such as IRAs, DBs, and DCs is worth 5 to 8 percentage points less probability of poverty, and Social Security is worth even more, about 11 percentage points. Since we our using Social Security as a proxy for lifetime earnings, the probability model is picking up two effects. First, lower lifetime earnings (expected Social Security payments) increase the probability a household will have wealth below poverty.
Second, households with no expected Social Security benefits are even more likely to have inadequate wealth since these households are at the very bottom of the lifetime earnings distribution.
Conclusion
The retiring baby boomers, the prospect of Social Security and Medicare reforms, and the transition from traditional pensions to retirement accounts have focused policy makers' attention on the current and projected adequacy of retirement wealth in the U.S. Our study joins several others in an attempt to answer some fundamental questions about adequacy:
How much wealth is enough? How many households have it? And, what is the distribution of resources?
We approached the first question by constructing two measures of adequacy based on a comprehensive measure of wealth that includes the expected present value of Social Security, defined benefit pensions, life insurance, annuities, welfare payments, and future labor earnings. Annuitized comprehensive wealth tells us the amount of consumption a household can expect to finance per person per year over their remaining lifetimes. The ratio of comprehensive wealth to the expected present value of future poverty lines provides a notion of absolute adequacy that is built on a widely used framework for analyzing poverty in the U.S.
Consistent with the somewhat optimistic results in some of the previous studies, 44 we find that, by our measures, most households over age 50 can expect to have adequate resources throughout retirement. We find a mean comprehensive wealth of about $900,000, and a median of about $536,000. Abstracting from household scale economies, we find an average annuity value of about $51,000 per expected person-year, with a median of $32,000.
Accounting for economies of scale, we find to $73,000 of single-equivalent consumption per person at the mean, and $40,000 at the median.
Our analysis indicates that most households have comprehensive wealth well above the levels needed to finance poverty-line consumption: the mean ratio of wealth to the present value of future poverty lines is 5.75, and the median is 3.56. However, we see problems in the left tail-the ratio at the 10th percentile is 0.92. Overall, we find that about 12 percent of households fall below poverty-line wealth, and an additional nine percent are close to poverty (with ratios between 1.0 and 1.5).
With regard to some of the trends that motivated our analysis, we conclude that, by our measures, the early wave of the baby boom generation appears to be on track to accumulating adequate retirement wealth. We find a median annuitized value wealth equal to $30,000 per person and a mean of $47,000, with a median ratio of wealth to the present value of poverty lines of 3.35. However, we find that about 27 percent of the early babyboom cohort's comprehensive wealth is held in the form of expected future wages, and that the financial assets of this cohort is significantly lower than that of older cohorts. This is not entirely surprising, since this cohort was still in its peak earnings and savings years in 2004. But it emphasizes the point that, because the baby boomers are still in their working years, their consumption in retirement will depend crucially on their saving and labor-supply behavior and wage growth over their remaining years of work.
Finally, we find evidence suggesting significant cohort effects resulting from the transition from DB to DC pension plans. The share of 51-61 year-olds with DB wealth is about 30 percent, compared to about 44 percent for older households. On the other hand, 61 percent of 51-61 year-olds hold retirement accounts, compared with half of 62-75 year-olds and less than a third of households over 75 (though of course this pattern includes life-cycle effects as well as cohort effects). Despite these changes to pension coverage, however, we do not find evidence of a steep deterioration in retirement adequacy among the younger households in our sample.
Overall, our findings show a generally optimistic view of retirement savings adequacy among current older cohorts, though with a notable pocket of inadequacy concentrated among those with the lowest lifetime earnings. However, we should note several caveats about our results. First, our measures of adequacy are based on expected values, and thus do not account for the substantial risks that arise from uncertain lifetimes, medical expenses and asset returns. Thus a risk-averse household with "adequate" wealth by our measures may not have enough wealth after accounting for the effect of these risks on utility. Second, our analysis focuses on households aged 51 and older in 2004, which includes the leading edge of baby boomers, but not younger boomers or succeeding generations. Thus our findings do not provide evidence about the adequacy of retirement savings among younger workers. Finally, our results should not be taken to imply that current household savings are necessarily sufficient in the long-run macroeconomic sense. The broad demographic trends at work over the next half century, including declining fertility and increasing longevity, imply that a higher household savings rate could, by increasing the size of the capital stock, significantly reduce the burden of higher taxes or lower spending that will otherwise fall on following generations. Viewed in this context, our findings are encouraging, to the extent that they show wealth accumulations at least do not appear to be declining among older households, but they do not show that household saving behavior is optimal in the intergenerational sense.
A1: Data Source and Imputation Methodology Data Source
Our primary data sources are the RAND HRS Data File and the 2004 RAND-Enhanced Fat Files. These are HRS data files that have been compiled by RAND, and are often easier to use than the raw HRS data files. The RAND HRS Data File is a longitudinal file in which selected variables have been linked across the seven waves of the HRS. This file includes RAND-generated imputations of missing values. Many variables necessary for our analysis, including detailed DB and DC pension information, are not included in the RAND HRS Data File. For these variables, we use the 2004 RAND-Enhanced Fat File, which includes virtually all the raw HRS data.
A number of income and wealth variables from the 2004 RAND-Enhanced Fat File are missing for some households, but the HRS design includes "unfolding brackets" that provide ranges of values for many of the variables that are missing. We use the brackets to assign imputed values for households who indicate that they have a certain type of income or asset, but do not report the actual amount. If we have information indicating that a respondent should have a value for a particular variable but no information on a range for that value then we assign the missing value a zero. Otherwise, we use the range given by the HRS to impute missing values. Our goal is to match the distribution of imputed values to the distribution of actual values given by respondents.
In order to accomplish this goal, we first find the distribution of actual responses that fall into a given bracket. If there are no actual responses in a specific bracket, the missing value is assigned a zero. If there are, the distribution of actual values in a bracket is divided into ten deciles. Each imputee is randomly assigned a number between one and ten to impute the decile within the self-reported range. Finally, the missing value is replaced with a value that is one-third the distance between the start of the decile and the end of the decile. We use one-third because we find that the central tendency of the empirical distribution of many variables within a given range is often closer to a third than a half.
For example, if we know that a missing variable is between $5,000 and $10,000, we start with the sample of non-missing data between $5,000 and $10,000 and divide this sample into ten deciles, where the decile breaks are not necessarily evenly spaced but rather determined by the empirical distribution. We then randomly assign an imputee to one of the deciles (e.g., the seventh), and give them the value that is one-third of the way through the selected decile.
Note that variables taken from the RAND HRS Data File are imputed by RAND using a different methodology. RAND uses a model-based imputation method and imputes more values than we do. However, we have compared the RAND imputation distribution to our imputation distribution for several variables and can not find any significant differences. For more specific information on the RAND imputation method, please refer to their documentation.
In all calculations, we use the preliminary 2004 weights provided by the HRS.
Present Value Calculations
This section provides a more detailed description of our present value methodology than is found in the main text. We discuss our present value calculations for DB plans, Social Security, annuities, life insurance, and welfare.
Defined Benefit Pensions
Calculating the actuarial present value of future DB pension payments requires a few assumptions. The HRS includes questions about both current pension benefits (for retirees) and expected future pension benefits (for those still working). Households are asked about the (current or expected) pension amount (and start date, if they have not yet begun), costof-living adjustments (COLAs), and survivors' benefits. 45 In the case of working households, we use the expected pension at retirement; this serves to include the value of benefits not yet accrued. This is parallel to our inclusion of expected future compensation in our calculation of comprehensive wealth. We express the actuarial present value of DB payments for a plan that pays an annual amount d as
where δ is the discount factor, a r and a s are the ages of the respondent and the spouse at the time of the survey, and θ is the fraction of benefits that will be passed on to the spouse in the event that the respondent dies. 46 The term ψ r (τ, a r ) is the probability of the respondent's living to age τ conditional on being alive at age a r , while ψ s (τ + ∆, a s ) represents the conditional survival probability of the spouse, where ∆ is the age difference between the spouse and the respondent. Thus, the actuarial present value of pension wealth is just the annual pension benefit multiplied by the sum of discounted annual survival probabilities, with an extra term accounting for any payments made to the spouse after the death of the respondent. 47 The conditional survival probabilities are based on the one-year age-and sex-specific 45 Thus, we are using self-reported pension data to calculate pension wealth. The HRS also includes supplementary employer-provided pension data that in some cases may provide a more accurate measure of pension benefits (see Gustman and Steinmeier (1998) ). The main differences between the self-reported measures that we use and the supplemental data involve workers' expectations of future pensions. Because most of our sample consists of retirees who are currently receiving pensions, we expect our results to be robust to our reliance on the self-reported data for workers. 46 We ignore non-spouse beneficiaries. If there is no spouse, we set θ to zero. 47 Bernheim (1987) argues that actuarial discounting is inappropriate for risk-averse individuals facing imperfect annuity markets, because such individuals would attach additional value to the otherwise unavailable insurance product. He suggests straight discounting (ignoring the probability of death) instead. However, he points out that his analysis rests on the premise that individuals place no value on the death-contingent value of assets (i.e., that there are no bequest motives). We treat the household as a unit, and explicitly value the death-contingent component of each individual's assets (e.g., survivors' benefits and life insurance). Thus we use the actuarial present value of DB and Social Security benefits. Note that we are only computing the amount of wealth, and not the utility value of that wealth. Similarly, we make no adjustment for the utility value of risk (e.g., longevity risk or the risk of a large medical-expense shock.) conditional death probabilities in the Social Security Administration's 2002 Period Life Table (SSA, 2006c) . Period life tables provide a snapshot of the mortality conditions prevailing in a single year, rather than the expected mortality experience of a given cohort over time. For young cohorts (e.g., children born in 2002), one might expect actual longevity to be significantly greater than shown in the 2002 period life table, since longevity generally improves over time. However, since our sample is of Americans aged 51 and older in 2004, we conclude that the 2002 period table (the most recent available) is a reasonable estimate of our sample's expected mortality experience. 48 For DB plans with COLAs (about 40 percent of the reported plans), we use a discount factor δ equal to 1/(1 + r), where r is the real interest rate. For plans without COLAs, we set δ equal to 1/(1 + i), where i is the nominal interest rate. The baseline results in the paper assume a nominal interest rate of 4.5 percent and a real interest rate of 2.5 percent, implying 2 percent inflation. The present value measures are naturally sensitive to the value of δ, so as a robustness check, we also report results using different assumptions about real rates and inflation.
The HRS collects information on multiple pension plans for respondents and their spouses. Applying equation (A-1), we compute present values for each of these and then sum them to arrive at our final calculation for current pensions. Some current workers report that they expect to receive lump-sum payouts from their DB plans upon retirement. To include these plans, we simply discount the lump sum back to the current age:
where LS is the value of the lump-sum payment and N is the expected number of years remaining before the payout is received. We make no adjustment for survivor's benefits in the case of lump-sum payments.
Social Security
Computing the present value of of Social Security is quite similar to calculating DB wealth. The HRS includes questions about both current benefits for retirees and expected benefits for workers. Let ss r τ and ss s τ +∆ denote the current or expected annual social security benefits of the respondent and the spouse at ages τ and τ + ∆ respectively. The actuarial present value of household Social Security benefits is given by
where
is the conditional probability of both household members being alive, and
is the conditional probability of exactly one household member being alive. 49 The first bracketed term in equation (A-3) captures the fact that if both household members are alive, their total benefits will generally equal the sum of their individual amounts. The second term in the brackets reflects the rules governing survivors benefits, whereby a retirementage widow or widower typically receives 100% of the spouse's benefits if these exceed their own benefit amount. 50 Since Social Security benefits are adjusted for inflation, we discount using the real interest rate: δ = 1/(1 + r).
Respondents in the HRS are asked directly about the amount of current or expected spousal benefits. We take these amount at face value and assume that the reported benefits already reflect any adjustments due to the Social Security rules (e.g., the fact that individuals are typically entitled to the maximum of their own benefits and 50% of their spouse's).
Insurance, Annuities, and Welfare
Life insurance policies, annuities, and future welfare payments can constitute an important portion of household wealth. Life insurance wealth is a bit different from DB or Social Security wealth because life insurance is a contingent asset and therefore less liquid than other wealth components. Nonetheless, to ignore it would be to understate the total resources available to finance household consumption in retirement. We only include policies in which the spouse is named as a primary beneficiary.
We compute the actuarial present value of household life insurance as follows:
where F V r and F V s denote the face values of the insurance policies owned by the respondent and the spouse, and P r and P s are the corresponding annualized premiums. The first term in equation (A-4) is the expected payout of the respondent's insurance policy at age τ , 49 To see the intuition of this expression, note that the equation for Ψ2 is simply a rearrangement of ψ r (1 − ψ s ) + ψ s (1 − ψ r ). 50 Widows older than 60 but under the full retirement age generally receive 71-99% of the workers benefit amount.
where the expectation is taken over the probability that the respondent dies at a particular age τ while the spouse is still alive. The second term in the equation is the expected value of the premium payment, which occurs in the event that the respondent is still alive at age τ . The third and fourth terms are the same expectations applied to the spouse's policy.
Note that the actuarial present value of insurance would be zero if premiums were actuarially fair and perfectly observed in the data. However, the calculation of life insurance wealth is constrained by data limitations. We do not observe in the HRS the length of term policies, or their premiums. 51 In the absence of any data, we assume that term policies will remain in force throughout retirement, and that their premiums have been pre-paid (i.e., are zero in each year going forward). Thus, the only premiums that we account for are those associated with whole life policies. In addition, the HRS does not collect information on the cash value of whole life policies. As a result, we treat term life insurance and whole-life insurance identically in this calculation. That is, we ignore the cash value of whole life policies and instead calculate the present expected value of the face value, regardless of the type of policy. 52 Our calculations of wealth from annuities and welfare payments are more straightforward. The formula for calculating the actuarial present value of annuities (AN P V ) exactly parallels equation (A-1), where we make similar adjustments for COLAs and survivor benefits. Our measure of expected welfare payments includes veteran's benefits, food stamps, Supplemental Security Income (SSI), and other welfare. In this calculation, we assume that individuals who are currently receiving these payments will continue to receive the same inflation-indexed welfare payments as long as they live, and that those not currently receiving these payments never will-i.e., we do not model transitions in and out of welfare-receipt status. Since welfare benefits are typically indexed to inflation, we discount this stream of expected welfare payments using the real interest rate and the relevant conditional survival probabilities.
A2: Annuity Factor Derivation
This section of the appendix derives the annuity factor given by equation (2). We begin by assuming that a respondent (indexed by r) and a spouse (indexed by s) want to convert their comprehensive wealth into annuities to finance the same amount of consumption C per person per year. Let CW be the value of household wealth. Assume that the respondent expects to live T r more years, and the spouse expects to live T s more years. Without loss of generality, we can assume that T r < T s . Finally, let δ = 1/(1 + i) be the nominal discount factor.
For the first T r years, each member of the household expects to consume C per year.
51 Term life insurance policies simply pay out the face value to the beneficiary in the event of the death of the insured, while whole life policies also include a cash-value account in which assets accrue that can be borrowed against or redeemed upon cancellation of the policy.
52 Note that if we were able to include cash values as a separate liquid asset, we would need to adjust down the measure of face value accordingly in order to prevent double counting. We do not estimate the extra utility value of more liquid wealth in any of our measures.
The present value of the first T r years of the household annuities is given by
where the last step applies the formula for finite sums. After the respondent dies, the spouse consumes C per year for the remainder of her life. Viewed from the perspective of time t, this stream of payments is worth
The sum of these two streams of payments is therefore
We can rewrite this as
If the household converts all of its wealth CW into an annuity to purchase these two streams of payments in expectation, 
(8) 
